Abstract A microwave-assisted extraction procedure was developed to obtain extracts rich in antioxidants from mango seed. Central composite design '2 5 +star' and response surface methodology were used in order to optimise the extraction factors: the water content in the acetone/water mixture used as extractant, seed weight-to-solvent volume ratio, number of steps, extraction time and pH of water. The results suggest that the extractant composition and the seed weight-to-solvent volume ratio were statistically the most significant factors. The optimum values of the factors that influence the capacity to inhibit lipid peroxidation (evaluated with the β-carotene bleaching test), scavenge 2,2-diphenyl-1-picrylhydrazyl and 2,2′-azino-bis-(3-ethylbenzothiazoline)-6-sulfonic acid-free radicals and obtain extracts with high phenolic compound content (tannins and proanthocyanidins) were three steps; the mixture acetone/water (50:50, v/v) as extractant, a seed weight-to-solvent volume ratio of 1:30 (w/v), an extraction time of 0 min in the microwave (the rest of the extraction process includes homogenisation and centrifugation time), and a pH of 8.0.
Introduction
The growing concern about food safety on the part of consumers, authorities and food industry producers (Commission of the European Communities 2000) has created a need to identify safer natural alternatives to synthetic additives. The food industry has already begun studying fruit biowastes as one of such alternative because plant biowastes contain many compounds that have antioxidant and antimicrobial capacity. The main biowastes of mango (Mangifera indica L.) processing are the peel and the seed, which represent approximately 35-60% of the fruit (Larrauri et al. 1996) . Mango seed has been shown to be a good source of polyphenols, sesquiterpenoids, phytosterols and tocopherols, with high antioxidant activity (Kabuki et al. 2000; Puravankara et al. 2000; Berardini et al. 2004; Barlow 2004, 2006; Abdalla et al. 2007; Engels et al. 2009 Engels et al. , 2010 Maisuthisakul and Gordon 2009) .
Extraction is the most important step in recovering phytochemical antioxidants from plant biowastes, since its objective is to liberate these compounds from the structures where they are found (González and González 2010; González-Montelongo et al. 2010a; Dorta et al. 2011) . Solvent extraction is the most common technique employed to obtain extracts with high antioxidant activity from mango seeds. Methanol or ethanol have been used as extraction solvents (Barreto et al. 2008; Nithitanakool et al. 2009 ); however, mixtures of ethanol or acetone with water (between 50% and 99.5%) are the most widely used extracting agents for antioxidants from mango seed (Kabuki et al. 2000; Berardini et al. 2004; Barlow 2004, 2006; Abdalla et al. 2007; Ribeiro et al. 2008; Engels et al. 2009; Maisuthisakul and Gordon 2009; Dorta et al. 2011) . The recovery of bioactive compounds from biowastes is also influenced by the extraction time and the number of steps. Extraction times of a few minutes (less than 5 min; Abdalla et al. 2007) or hours (between 1 and 12 h; Kabuki et al. 2000; Berardini et al. 2004; Barreto et al. 2008; Ribeiro et al. 2008; Barlow 2004, 2006; Engels et al. 2009; Maisuthisakul and Gordon 2009; Dorta et al. 2011 ) have been used. Usually, a single extraction step is used (Kabuki et al. 2000; Barlow 2004, 2006; Abdalla et al. 2007; Dorta et al. 2011 ) but sometimes from two to three steps have been used (Berardini et al. 2004; Barreto et al. 2008; Ribeiro et al. 2008; Engels et al. 2009 Engels et al. , 2010 . Another aspect to take into consideration when extracting antioxidant compounds from biowastes is the plant material weight to solvent volume ratio. The most commonly reported ratios range between 1:1 and 1:10 (w/v; Kabuki et al. 2000; Abdalla et al. 2007; Engels et al. 2009; Maisuthisakul and Gordon 2009; Nithitanakool et al. 2009 ). However, higher ratios between 1:20 and 1:100 (w/v; Berardini et al. 2004; Ribeiro et al. 2008; Dorta et al. 2011) or between 1:125 and 1:250 (w/v; Barlow 2004, 2006) have also been used with promising results.
However, the procedures employed to extract phytochemicals from mango seed have only been optimised for the extraction of other types of plant material, not specifically for mango seed. Extraction procedures differ between different biowastes because of their different matrices, with unique properties in terms of structure and composition (related to species, varieties, ripening stages, etc.). Therefore, considerable caution should be exercised when using procedures that have been developed for specific plant tissue types and phytochemical extractions should be optimised for each biowaste (González and González 2010; González-Montelongo et al. 2010a) . Recently, our research group recently studied how factors such as the type of solvent and temperature influence the extraction process of compounds with antioxidant properties from mango peel and seed (Dorta et al. 2011 ).
Microwave energy has been used to accelerate solvent extraction of antioxidant phytochemicals from plant material (Pan et al. 2008; Périno-Issartier et al. 2011; Routray and Orsat 2011) . Microwave-assisted extraction (MAE) provides higher recoveries and requires considerably less time and smaller amounts of solvents compared to conventional extraction with solvents (González and González 2010) . For example, the phenolic compounds from longan pericarp were extracted with 95% ethanol (plant material weight to solvent volume ratio 1:10, w/v) employing MAE, at 80°C for 30 min (Pan et al. 2008) . The phenolic content of extracts obtained from longan pericarp was similar when using either MAE or Soxhlet extraction. However, the antioxidant activity of microwave-assisted extracts was superior to that of Soxhlet extracts, had faster extraction times (2 h for Soxhlet and 30 min for MAE) and required less solvent. All of which are clear advantages to using this technique. Despite its advantages, it has rarely been used to extract phytochemicals from tropical biowastes and no information about the application of MAE for extracting bioactive compounds or for obtaining extracts with high antioxidant activity of mango seed was found.
Response surface methodology (RSM) is a useful technique to evaluate the effect of influential factors on one or more response variables, which are simultaneously modified. Moreover, the establishment of a mathematical model helps to locate the region where the extraction is optimised (Montgomery 1991) . The choice of an experimental design mainly depends on the objectives of the experiment. Therefore, randomised block designs are used if the primary goal of the experiment is to verify if a factor considered to be important continues to be so in the presence of the other factors. Full or fractional factorial designs are used if the primary purpose of the experiment is to identify the few influential factors among all of the factors evaluated. However, if the experimental design is used to find improved or optimal process settings, central composite (CCD) or BoxBehnken designs are usually used.
CCD and RSM have been used to optimise the extraction of phytochemical compounds from tropical fruit biowastes. The optimisation of the number of steps (optimum obtained with 3), extraction time (homogenisation for 1 min and further centrifugation for 20 min) and temperature (25°C) when extracting phenolics from banana peel (González-Montelongo et al. 2010a ) has been carried out by experimental design. The effect of acetone concentration in water, extraction temperature and extraction time on phenolic content extracted from star fruit residue was also studied by using RSM (Yap et al. 2009 ). Acetone concentration was statistically the most significant factor and the optimal extraction conditions obtained were: 65% acetone concentration, 43°C extraction temperature and 3.9 h extraction time. However, although CCD and RSM have been used for the optimisation of the microwave-assisted extraction of phytochemicals from plant materials, there are no applications in tropical fruit bio-wastes.
Optimising conditions to obtain extracts with high antioxidant activity from mango seed using microwave-assisted extraction is proposed for the first time in this study. The use of a CCD and RSM to optimise five factors (water content in the solvent mixture, seed weight-to-solvent volume ratio, number of steps, extraction time and water pH in the extractant) determines an optimal set of operational conditions.
Materials and Methods

Chemical and Reagents
Gallic acid, Folin-Ciocalteau reagent (2 N), linoleic acid, Tween 40, 2,2-diphenyl-1-picrylhydrazyl (DPPH • ), 2,2′-azino-bis-(3-ethylbenzothiazoline)-6-sulfonic acid (ABTS), hydrogen peroxide (30%) and polyvinylpolypyrrolidone were purchased from Sigma (Madrid, Spain). (±) 6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (trolox) and trans-β-carotene were supplied by Aldrich (Madrid, Spain). The concentration of the enzyme horseradish peroxidase (HRP) type VI [RZ (A 403 nm /A 275 nm )02.8], obtained from Sigma, was determined by measuring the absorbance at 403 nm using an extinction coefficient of ε 403nm 0 100 mM −1 cm −1 (Arnao et al. 2001) . Tannic acid and ferric ammonium sulphate were obtained from Merck (Darmstadt, Germany) and hydrochloric acid and n-butanol from Panreac (Madrid, Spain) . Acetone and chloroform were purchased of high-performance liquid chromatography grade from Scharlau Chemie (Barcelona, Spain). Deionised water of 18 MΩ cm resistivity purified with a milli-Q system (Millipore, Bedford, USA) was used.
Obtaining Mango Seeds
Mango (M. indica L., cv. 'Keitt') was obtained from fields located in Tenerife (Canary Islands, Spain). Fruit (around 20 kg) was harvested at physiological maturity stage (maturegreen) and allowed to ripen (full-ripeness or consumption stage) at 18°C and 80-90% relative humidity. The ripeness stage of the mangoes (n021) was characterised by peel and pulp colour and texture, total soluble solids, pH and titratable acidity. Peel and pulp colour were measured (CIELab colour space) in three different points of the fruit equator with a Minolta Chroma Meter model CR-300 (Ramsay, USA) colour difference metre, using chromatic attributes: lightness (L*), hue angle (h°) and chroma value (C*). The measuring area of the colourimeter has a diameter of 8 mm; the illuminant and the standard observer used for testing were D65 and 2°, respectively; a white calibration plate was used to calibrate the colourimeter. L*, h°and C* of mango peel at full ripeness ranged between 62 and 70, 44 and 84, and 41 and 57, respectively. The colour of mango pulp was also characterised by lightness ranging between 83 and 89, hue angle between 84 and 90 and chromaticity between 72 and 84.
Deformation force was measured using a Durofel DFT 100 (Agro Technologie, Forges Les Eaux, France) with a mobile tip of 25 mm 2 , that gives a unit (°Durofel) for each 0.025 mm of fruit deformation. Penetration force was measured with a TA-HD-Plus texture analyzer supplied by Texture Technologies Co. (Godalming, UK). Mangoes were placed horizontally on the plate and compression was applied using a cylindrical probe (4.0 mm in diameter) at an assay speed of 2.0 mm/s. The range of deformation and penetration force was [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] [80] respectively. Total soluble solids (TSS) were determined using an ATAGO ATC-1 hand refractometer (Tokyo, Japan) and pH was measured by a WTW pH metre (St Woburn, USA) at room temperature. After determination of pH, titratable acidity was measured with 0.1 N sodium hydroxide standard solution (Merck, Darmstadt, Germany) up to pH 8.1. TSS, pH and titratable acidity ranged between: 14-20°Brix, 4.0-4.6 and 292-446 mg citric acid/100 g, respectively.
After ripening, the seed (shell of fibrous endocarp, testa and embryo) was manually separated (seed weight ranged between 2.1% and 6.3% of total mango weight), cut into small pieces (0.5×1 cm) and freeze-dried using a Christ alpha-1-4 LSC freeze-dryer (Osterode, Germany). The condenser temperature was −40°C, the shelf temperature was set at 25°C and the vacuum was 50 mPa for 5 days (Dorta et al. 2012) . The dried mango seeds (water content, 49±5%; lightness, 76±1; hue angle, 91±1; chromaticity, 14±1) were ground to a fine powder by impact grinding with an IKA A11 mill (Staufen im Breisgau, Germany) and sieved by intense vibratory and rotary movements for 15 min (Mecán-ica Científica, 105611 sieve, Madrid, Spain), using nine sieves with diameters ranging between 2.8 mm and 50 μm. Thus, the sample granulometry was characterised: 48%> 500 μm, 9% between 355 and 500 μm and 43%<355 μm. The dried mango seed powder was stored at −20°C until the extractions were carried out.
Microwave-Assisted Extraction
All extractions were carried out using microwave (ETHOS 1, Milestone SRL, Sorisole, Italy) at 50°C and an initial potency of 500 W (Dorta et al. 2011) . The temperature in the microwave extractor was continually controlled allowing the accurate and precise temperature control in all extraction vessels. The control system included a direct temperature control device (a sapphire fibre optic sensing element (ATC-FO sensor, MLS GmbH, Leutkirch, Germany) inserted in one of the extraction vessels) and a focused, high sensitivity infrared sensor, both interfaced to a microprocessorcontrolled rotor positioning system. The extraction was carried out in closed vessels, with a built-in safety valve. An accurately weighed aliquot of freeze-dried seed powder (seed weight-to-solvent volume ratio varied depending on the particular experiment; ranging between 1:10-1:50 w/v) was homogenised, with a Politron PT-6000 (Kinematica AG, Lucerne, Switzerland) high speed blender at 1,250 rad/s for 1 min, with 20 ml of acetone:water (water content varied depending on the particular experiment; ranging between 5% and 95%). Water pH and extraction time (ranging between 3-8 and 0-120 min, respectively) were also modified depending on the particular experiment. Extracts were centrifuged at 525 rad/s for 20 min in a Jouan CR-312 centrifuge (Thermo Electron Corporation, Madrid, Spain). Therefore, the extraction time includes the time of the high-speed homogenisation (1 min), the time in the microwave (0-120 min) and the centrifugation time (20 min).
Depending on the experiment, this procedure was repeated between one and three times; the resulting supernatants were mixed together and acetone/water was added until a final volume of 60 ml was reached. The extracts obtained were stored at −80°C until the assessments of antioxidant potential and bioactive compound content were carried out (in less than 3 days). Each extraction process was done in triplicate.
Experimental Design
A CCD '2 5 +star' projected on a face-centred star design with two centre points was used to identify the relationship between five independent factors and the dependent variables or responses, as well as to determine the optimal conditions for the extraction process. The factors (water content in the solvent mixture, seed weight-to-solvent volume ratio, number of steps, extraction time and water pH) were set at three separate coded levels ( Table 1 ). The design consisted of 44 randomised runs (n0132 experiments, because each extraction process was done in triplicate), with 32 factorial points, two centre points and 10 axial points. The antioxidant activity (evaluated using the β-carotene, DPPH
• and ABTS •+ tests) and the phenolic compound (tannins and proanthocyanidins) content were chosen as the dependent variables because of their known dependency on the extraction process. Data from the CCD were approximated to a second-order polynomial equation and analysis of variance (ANOVA) was generated to determine individual linear, quadratic and interaction regression coefficients. The significances of polynomial relations were examined statistically by computing the F value at a probability (p) of 0.050. The percentage of contribution of each factor to the antioxidant activity of the extracts or to the phytochemical extraction was obtained from ANOVA and was calculated from the percentage of the standardised effect of the significance of each main effect or of each interaction and the total standardised effect of all main effects and interactions. Experiments to determine the adequacy of the model were done by using combinations of variables at different levels (within the experimental range).
Antioxidant Activity of Mango Seed Extracts
Multiple reaction characteristics and mechanisms as well as different phase localizations are usually involved in the assay of antioxidant capacity; for these reasons, no single assay will accurately reflect all of the radical sources or all antioxidants in a mixed or complex system such as a biological biowastes (Prior et al. 2005) . In this work, the antioxidant activity of the extracts was evaluated by using different methods to obtain information about the capacity to can deactivate radicals by hydrogen atom transfer (HAT) and by single electron transfer (SET). HAT-based methods (such as β-carotene bleaching assay) measure the classical ability of an antioxidant to quench free radicals by hydrogen donation, and SET-based methods (such as DPPH • and ABTS •+ assays) detect the ability of a potential antioxidant to transfer one electron to reduce any compound, including metals, carbonyls, and radicals. SET and HAT mechanisms almost always occur together in all samples, with the balance determined by antioxidant structure and pH. All measurements were made on a Shimadzu UV-visible 160A double-beam spectrophotometer (Kyoto, Japan) equipped with a Hellma (Jamaica, USA) cell (path length 10 −2 m).
The β-carotene bleaching method is based on the capacity of antioxidants to decrease oxidative losses of β-carotene in a β-carotene/linoleic acid system (Miller 1971) . To induce autoxidation, the temperature was increased (50°C) and it was used oxygenated deionised water, which was generated by bubbling air into water for 60 min. In these conditions, the β-carotene molecules lose their conjugated double bonds and the loss in orange colour intensity was measured at 470 nm after incubation for 210 min. The antioxidant activity was expressed as antioxidant activity coefficient (AAC; González-Montelongo et al. 2010a ). The repeatability standard deviation of the procedure was always <10%.
The capacity to scavenge the DPPH • radical was monitored according to a slightly modified version of the method used by Brand-Williams et al. (1995) at 515 nm after 15 min. The scavenging activity against the ABTS •+ radical was determined by a method (Arnao et al. 2001 ) based on enzymatic generation of the radical by reaction of the ABTS with the horseradish peroxidase in sodium phosphate buffer pH 7.5, in the presence of hydrogen peroxide. The assay temperature was controlled at 25°C and the inhibition by the biowaste antioxidants was measured at 730 nm after 6 min. In both methods, a control with the addition of acetone/water (instead of extracts) was used. Results were expressed as grams of trolox equivalent antioxidant capacity/100 g mango seed on a dry matter basis (DW; González-Montelongo et al. 2010a ). Calibration graphs (r 2 >0.963) were constructed by plotting the absorbance against the trolox concentration at seven concentration levels (50-500 mg/l for DPPH
• test and 20-250 mg/l for ABTS
analysed in triplicate. The procedure's repeatability was <5%.
Bioactive Compounds Content
The Folin-Ciocalteu method, to determine the total content of phenolic compounds (González-Montelongo et al. 2010a) , was coupled with the use of an insoluble matrix (polyvinylpolypyrrolidone, PVPP) to analyse tannins (FAO/ IAEA 2000). The tannins precipitate when PVPP is added to extracts (PVPP/phenolic compounds ratio, 100:1 w/w) and the supernatant only contains other than tannins; therefore, tannins were quantified by calculating the difference between total phenolic compounds and the phenols in the supernatant (FAO/IAEA 2000). They were expressed as grams of tannic acid equivalents (TAEs)/100 g DW mango seeds. Calibration curves (r 2 >0.990) were constructed by plotting the absorbance against the tannic acid amount at seven levels analysed in triplicate (0.90-25 μg). The repeatability of the procedure was <5%.
The determination of condensed tannins (proanthocyanidins) is based on oxidative depolymerisation of proanthocyanidins in butanol-HCl (95:5 v/v, solvent/extract ratio, 5:1) (FAO/IAEA 2000) . The presence of iron reagent (2% ferric ammonium sulphate in 2 N HCl) increases the reproducibility and sensitivity of the assay. The mixture was incubated at 97°C for 60 min; the proanthocyanidin content (grams of leucoanthocyanidin equivalents (LEs)/100 g DW) was measured at 550 nm. Condensed tannin content was calculated by the formula (FAO/IAEA 2000).
Proanthocyanidins ðg=100 gÞ ¼ ðAbs 550 Á 78 Á dilution factorÞ DW ð%Þ
Statistical Analysis
Statgraphics-Plus software 5.1 (Statistical Graphics, Rockville, MD, USA) was employed to generate design, ANOVA and to obtain the response surface plots. Simple linear correlation analysis was used to measure the correlation between the phenolic compound content and the antioxidant activity of the extracts.
Results and Discussion
Diagnostic checking of models on optimisation of the extraction parameters for obtaining high antioxidant mango seed extracts
In accordance with our previous experience in the treatment of mango seed, five factors that can potentially affect microwave-assisted extraction of mango seed to obtain extracts with high antioxidant activity were evaluated: number of steps, water content in the solvent mixture, seed weight-to-solvent volume ratio, extraction time and water pH. The minimum and maximum levels (Tables 2 and 3) given to each factor were chosen based on the experience of our research group and that of other authors in obtaining extracts with high antioxidant activity from mango seed (Kabuki et al. 2000; Puravankara et al. 2000; Berardini et al. 2004; Barlow 2004, 2006; Abdalla et al. 2007; Engels et al. 2009 Engels et al. , 2010 Maisuthisakul and Gordon 2009; Dorta et al. 2011 ). Other factors implicated in the extraction were kept constant: type of extractant (a mixture of acetone in water), extraction temperature (50°C), volume of extractant (20 ml) and final volume of the extract (60 ml). Tables 2 and 3 show the design matrix, which include the factors that influence microwave-assisted extraction and the antioxidant activity measured by using different methods (inhibition of β-carotene bleaching, scavenging of DPPH
• and ABTS •+ free radicals) and of bioactive compounds (tannins and proanthocyanidins), respectively. The sequential listing of the experimental design parameters represents the statistically randomised order in which the experiments were undertaken. The comparison of the experimental values with the predicted values revealed that the two sets of values, for each antioxidant activity assay and for each bioactive compound, were very close (Tables 2 and 3 ). The coefficients of determination (R 2 ) indicated that the model (predicted values) explained between 82% and 92% of the variability observed in antioxidant activity and in proanthocyanidin content (experimental values) and 61% of the variability observed in tannin content (experimental values). The standard error of the estimates had a standard deviation of the residuals between 0.11 (proanthocyanidins, g LEs/100 g DW) and 50 (β-carotene bleaching, AAC) and the Durbin-Watson statistic tests indicated that, since the p value was greater than 0.050 for all the determinations, there was no indication of serial autocorrelation in the residuals, based on the order in which the residuals occur in the dataset.
Effects of the Extraction Factors on the Antioxidant Activity of Mango Seed Extracts
Water Content in the Solvent Mixture ANOVA was used to estimate the statistical significance of the factors and interactions between them that had the greatest effect on obtaining extracts with high antioxidant capacity (Fig. 1) . Among the factors studied, the water content in the acetone/water mixture used as extractant had the greatest impact on scavenging DPPH
• and ABTS •+ radicals and on the extraction of bioactive compounds, accounting for 61-70% for the former and between 36 (tannins) for the latter. This factor had a more limited influence on the inhibition of β-carotene bleaching (around 18%). Some of the responsesurface graphs, selected from amongst those obtained using the experimental model, is shown in Fig. 2 . In these graphics, the variable with the greatest effect on the extraction, composition of the extractant, is shown along with the seed weight-to-solvent volume ratio. The capacity to inhibit β-carotene bleaching, to scavenge free radicals and to extract phenolic compounds (tannins and proanthocyanidins) increased when the water content in the extractant decreased, being the optimum water content in the extractant between 5% and 50% (high acetone content; Fig. 2 ). This conclusion is similar for all the parameters studied (Table 3) . The mixtures of acetone with water, containing a high percentage of organic solvent, have been reported as one of or the most effective solvents for extracting phenolic compounds from protein matrices, such as mango seed (Ribeiro et al. 2008; Dorta et al. 2011 ), since they appear to degrade the polyphenol-protein complexes (Kallithraka et al. 1995) . Additionally, Dorta et al. (2011) described that using an acetone/water mixture was more efficient than acetone or water in obtaining extracts from mango seed with high antioxidant activity. Similar results were obtained by Yap et al. (2009) in star fruit biowastes, for which the water concentration in the acetone/water mixture was statistically the most significant factor (p<0.010) in the extraction of phenolic compounds, between the studied. These authors found that either a high proportion of water in the solvent mixture or acetone (100%) did not contribute to obtaining a high recovery of phenolic compounds in the extracts.
Seed Weight-to-Solvent Volume Ratio in Extractions
The seed weight-to-solvent volume ratio in the extractions had the second greatest impact on how efficiently bioactive compounds, which are responsible for antioxidant activity, were extracted from mango seed (Fig. 1) . This is due to the high impact that this factor (52%) had on the extract's capacity to prevent β-carotene bleaching. Moreover, this factor was statistically significant for the capacity to scavenge free radicals (factor contribution 5.1-13%) and for the phenolic compound extraction, being especially relevant for the extraction of tannins and proanthocyanidins accounting 19% and 20%, respectively. The capacity to inhibit lipid peroxidation (Fig. 2a) and to extract tannins (Fig. 2c) and proanthocyanidins (Fig. 2d) improved dramatically (90%, 55% and 95%, respectively) by decreasing the seed weightto-solvent volume ratio from 1:50 to 1:30. However, the increase in the capacity to inhibit lipid peroxidation was much lower (5%) when the ratio decreased from 1:30 to 1:10 and this decrease caused a very negative impact on the extraction of tannins, decreasing their extraction a 45%. Thus, the optimum seed weight-to-solvent volume ratio can be fixed at 1:30 (v/v). It is important highlight that the interaction between the water content in the solvent mixture and the seed weight-to-solvent volume ratio influenced the proanthocyanidin extraction (accounting for 12%), being the optimum extraction achieved at low water content and low ratio between seed weight and solvent volume. Pinelo et al. (2005) have reported that solid-to-solvent ratio, optimised between 1:1 and 1:5 (w/v), played an important role in the efficient extraction of phenolic compounds from grape pomace and in the antiradical activity of extracts. The highest efficiency extraction was obtained when a high solid-to-solvent ratio (1:1, w/v) was employed.
Number of Steps
The number of steps influenced the extraction of bioactive compounds and the obtaining of extracts capable to inhibit β-carotene bleaching and to scavenge free radicals, with a 95% confidence level (Fig. 1) . However, except for tannins (factor contribution, 13%), the impact of this factor on antioxidant activity and on phytochemical extraction was Fig. 2 Estimated response surfaces obtained by plotting the water content in extractant (w ext , %) and seed weight-to-solvent volume ratio (w/v ext , g/ml) for inhibition of β-carotene bleaching (a), scavenging activity (b), tannins content (c) and proanthocyanidins content (d) when fixing extraction time at 0 min, water pH in extractant at 8.0 and number of steps at 3 practically negligible (1.2-8.3%) in comparison to the water content in the solvent mixture and to the seed weightto-solvent volume ratio. The extraction efficiency improved generally by increasing the number of steps. This effect was also noticed in Fig. 3 which represent extraction time versus number of steps. This fact suggested that 3 was the optimal number of steps.
The number of steps is not a factor frequently studied for its relationship with the antioxidant activity of the extracts and with its bioactive compounds content, although it has been proven that is a crucial factor in the extraction processes (González-Montelongo et al. 2010a ). González-Montelongo et al. (2010a) suggested that the optimum number of steps to obtain extracts with high antioxidant capacity and with high phenolic compound content from banana peel was 3. Xu et al. (2008) described that a second extraction with water from citrus peels was necessary since a considerable amount of phenolic compounds (with the consequent increase in antioxidant activity) were extracted from this residue by doing so. In the obtaining of antioxidant compounds (gallotannins, gallates, flavonols, xanthones, anthocyanins or benzophenone derivates) from mango biowastes (bark, kernel, seed or peel), two to three extraction steps are usually used (Berardini et al. 2004; Barlow 2004, 2006; Barreto et al. 2008; Ribeiro et al. 2008; Engels et al. 2009 Engels et al. , 2010 .
Extraction Time
Extraction time significantly affected obtaining extracts that scavenge DPPH
• and ABTS •+ radicals and extracting proanthocyanidins, while it had not impact in the capacity of the extracts to prevent β-carotene bleaching and in the tannin content in the extracts (Fig. 1) . Moreover, the impact of this factor on scavenging activity and on proanthocyanidins content was very low (4-7%). Zero minutes were the optimum in the microwave (therefore, the extraction process took place during homogenisation and centrifugation time) to obtain extracts with high antioxidant activity (Fig. 3) . It has been proved that, to obtain extracts with high antioxidant activity and to extract phytochemicals from mango seeds, it is enough with homogenising the samples for 1 min. Therefore, the use of a microwave-assisted extractor is not necessary with the associate reduction of costs, rapidity and simplicity. The interaction between seed weightto-solvent volume ratio and extraction time influenced the capacity of the extracts to prevent β-carotene bleaching (accounting for 10%) and the content of tannins in the extracts (14%; Fig. 1 ). Despite this, interaction also affected the capacity to scavenge DPPH • radical and the proanthocyanidins content in the extracts, its impact was very low (around 1%). Similarly, although the interaction between water content in the extractant and extraction time affected the capacity of extracts to scavenge free radicals, its effect was negligible (3%). Moreover, the results of this work demonstrate that any degradation of phytochemical compounds occurs in the experimental conditions evaluated, even at prolonged extraction periods. Similarly, the impact of extraction time on obtaining extracts, from banana peel, that inhibit β-carotene bleaching and that scavenge DPPH
• radicals was very low (5-8%; González-Montelongo et al. 2010a) , being the optimal time in the water bath 0 min (taking place the extraction during the homogenisation and the centrifugation). Xu et al. (2008) and Pinelo et al. (2005) also described that prolonging the extraction time did not improve antioxidant activity in citrus peel or grape pomace extracts, respectively. Yap et al. (2009) reported that increasing extraction time from 1.5 to 4.5 h led to a reduction of phenolic compounds in the 66% acetone extracts obtained from star fruit residues. Spigno et al. (2007) concluded that obtaining extracts rich in phenolics with high antioxidant activity from grape marc by-products could be more energy efficient using a high temperature (60°C) for a short time (5 h), rather than a lower temperature (45°C) for a longer time (15 h).
Water pH in the Extractant
The pH of the water in the solvent mixture can determine the degree of solubility of water-soluble compounds and also influence the possible solubilisation of the hydrolysable fraction of the phytochemical compounds. Nevertheless, amongst the factors studied, the water pH had the less important effect on the antioxidant activity and the bioactive compounds content of the extracts (Fig. 1) . The water pH was statistically significant for the capacity to prevent lipid peroxidation (factor contribution 1.0%) and to scavenge DPPH • radicals (2.2%); therefore, its effect can be considered as negligible. A slight increase in the scavenging of DPPH • radicals with water pH (from 3.0 to 8.0) was found, thus, a pH of 8.0 was selected as the optimal for extracting antioxidants from mango seed. Mylonaki et al. (2008) optimised the extraction of phenolic compounds from olive leaf and obtained that ethanol concentration in the extractant and extraction time mostly affected the extraction yield, while the impact of water pH on the extraction was low. However, it has been hypothesised that increasing water pH in the mixtures of water and organic solvents used as extractants might enhance polyphenol solubility by promoting the dissociation of the most acidic phenolic groups, making the polyphenols more polar (Mylonaki et al. 2008 ). An increase (around 50%) in the recovery of phenolic compounds was described by González-Montelongo et al. (2010b) when the water pH in the acetone/ water extractant was higher than 4.0. The Optimal Extraction Conditions to Maximise Antioxidant Activity of Mango Seed Extracts Using three extractions, a water content of 50% in the acetone/ water mixture used as extractant, a seed weight-to-solvent volume ratio of 1:30, an extraction time of 0 min in the microwave (the rest of extraction process includes homogenisation and centrifugation time) and a water pH of 8.0 led to the highest antioxidant activity, measured as the capacity to inhibit lipid peroxidation and to scavenge DPPH
• and ABTS
•+ radicals. These conditions also contribute to obtain a high phenolic compound content in mango seed extracts. To determine the accuracy of the extraction procedure, extraction using optimal conditions and random (non-optimal) conditions were carried out in triplicate (Table 4 ). The experimental values for antioxidant capacity and phenolic compound content, in the optimal conditions, were quite close to the optimised values for these optimal conditions which confirmed that the model was valid. Moreover, the values obtained for both types of conditions indicate that the extraction of biowaste using non-optimal extraction conditions (for example, conditions that were not optimised for this specific plant material) can waste part of the antioxidant potential of these biowastes. For example, important discrepancies were found between the phenolic compound content reported by Abdalla et al. (2007) in their extraction with methanol/water (19:1, v/v) from mango seed (total phenolic compounds, 0.11 g gallic acid equivalents/100 g DW; tannins, 0.023 g TAEs/100 g DW) and those obtained in this work. They could probably be related, among other factors, to the different extraction conditions used to obtain these compounds from this plant matrix. Soong and Barlow (2006) evaluated three extraction types in the obtaining of 50% methanolic extracts with high antioxidant activity from mango seed: (1) water bath extraction at 70°C for 1 h, (2) water bath extraction (70°C for 1 h) and hydrolysis at 35°C for 16 h, and (3) water bath extraction (70°C for 1 h) and hydrolysis at 85°C for 2 h. The capacity to scavenge ABTS
•+ radicals was affected remarkably by the extraction conditions, increasing 20% with increasing severity of hydrolysis. With all the data obtained for the different extraction conditions evaluated (n0132), statistical analysis based on regression lines was carried out to determine if there was any correlation between antioxidant capacity and the phenolic compounds in the extracts. The statistical relationship between the capacity of the extracts to scavenge DPPH
• and
ABTS
•+ radicals and proanthocyanidin content in them was moderately strong (p00.000, r>0.563) and between the antiradical capacity and the tannin content was relatively weak (p00.000, r>0.423). These correlations illustrate that these antioxidant compounds greatly affect the ability of the mango seed to scavenge free radicals. The correlation coefficients indicated a moderately strong relationship between the capacity to inhibit lipid peroxidation and the proanthocyanidin content (p00.000, r00.650) and a relatively weak relationship between this antioxidant activity and the tannin content (p00.002, r00.270). Therefore, it is possible that other non-phenolic compounds in the mango seed extracts affect the ability to prevent lipid peroxidation, probably fibre which antioxidant capacity has been previously reported (Larrauri et al. 1996) .
Conclusions
Mango seed is a good and non-expensive source of phenolic compounds that can be used as food additives by the food industry. The economic feasibility of the extraction procedure AAC antioxidant activity coefficient, TE trolox equivalent antioxidant capacity, TAEs tannic acid equivalents, LEs leucoanthocyanidin equivalents a The extraction time (0 or 120 min) indicated corresponds to the time in the microwave; the rest of the extraction process includes, in all cases, 1 min (high-speed homogenisation) and 20 min (centrifugation) b Values based on freeze-dried mango seed and expressed as the mean±standard deviation (n03) depends on finding the optimal extraction conditions to maximise the efficiency of the process. In this work, RSM was successfully employed to optimise the conditions to obtain extracts with high antioxidant activity from mango seed. The most important factor amongst the optimised conditions is the extractant composition (the water content in the mixture acetone/water), affecting the extract's capacity to scavenge DPPH • and ABTS •+ radicals and the phenolic compounds content in the extracts. The seed weight-to-solvent volume ratio used in the extractions has an important effect on the capacity to prevent lipid peroxidation. Optimum values of the factors that influence the antioxidant capacity and the phenolic compound content in the extracts obtained from mango seed are: three steps, the mixture acetone/water (50:50, v/v) as extractant, a seed weight-to-solvent volume ratio of 1:30 (w/v), an extraction time of 0 min in the microwave (the rest of the extraction process includes homogenisation and centrifugation time) and a pH of 8.0. This work proves that using experimental design helps to visualise relationships between responses and extraction conditions, while also giving a clear idea of interactions between different extraction conditions.
